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analysis	 followed	 by	 cluster	 analysis	 of	 the	 beverage	 data	 was	 performed	28	
separately	for	each	school.			29	
RESULTS:	More	than	a	third	of	all	items	selected	by	students	were	beverages,	and	30	
juice-based	 beverages	 were	 students’	 most	 popular	 choice	 (School	 A,	 38.6%;	31	
School	B,	35.2%).	Mean	NME	sugars	derived	from	beverages	alone	was	high	(School	32	
A,	16.7g/student-day;	School	B,	12.9g/student-day).	Based	on	beverage	purchases,	33	
six	 clusters	 of	 students	 were	 identified	 at	 each	 school,	 (School	 A:	 ‘juice-based’,	34	
‘assorted’,	‘water’;	‘cartoned	flavoured	milk’,	‘bottled	flavoured	milk’,	‘high	volume	35	
juice-based’;	School	B:	 ‘assorted’,	 ‘water	with	 juice-based’,	 ‘sparkling	 juice/juice-36	
based’,	 ‘water’,	 ‘high	 volume	 water’,	 ‘high	 volume	 juice-based’).	 Both	 schools	37	
included	 ‘high	 volume	 juice-based’	 clusters	 with	 the	 highest	 NME	 sugar	means	38	
from	beverages	(School	A,	28.6g/student-day;	School	B,	24.4g/student-day),	and	39	
‘water’	clusters	with	the	lowest.	A	hierarchy	in	NME	sugars	was	found	according	to	40	
cluster;	 students	 in	 the	 ‘high	 volume	 juice-based’	 cluster	 returned	 significantly	41	
higher	levels	of	NME	sugars	than	students	in	other	clusters.		42	
CONCLUSIONS:	 This	 study	 reveals	 the	 contribution	 that	 school	 beverages	43	
combined	with	students’	beverage	choice	behaviour	 is	making	to	students’	NME	44	














and	 new	 revised	 standards9	 became	 statutory	 in	 England	 in	 January	 2015.	 The	58	
standards	stipulate	the	provision	of	drinking	water,	prohibit	sugar-sweetened	soda	59	
beverages	and	restrict	beverages	to	‘healthier	drinks’	(Appendix	Table	1)	such	as	60	
























Beverage	 and	 food	 choice	 data	 for	 students	 from	 two	 large	 secondary	 schools	77	
(School	A	and	School	B)	were	collected	during	the	academic	year	2010-2011.	The	78	
schools	were	in	the	same	Local	Authority	(unitary	authority)	in	Yorkshire,	England	79	
and	 both	 utilised	 the	 Local	 Authority	 catering	 service.	 The	 Free	 School	 Meal	80	
programme	in	England	provides	free	school	meals	for	students	coming	from	low-81	
income	 families.	 Free	 School	 Meal	 (FSM)	 status,	 often	 utilised	 as	 a	 measure	 of	82	
socioeconomic	 disadvantage	 in	 England,	 was	 9%	 and	 17%	 at	 School	 A	 and	 B,	83	
respectively;	the	national	average	was	15.9%.11	84	
A	selection	of	beverages,	typical	of	those	on	offer	in	English	secondary	schools,	was	85	
available	 at	 both	 schools.	 The	 set	 up	 and	 arrangement	 for	 students	 to	 select	86	
beverages	were	similar	as	both	schools	utilised	the	same	catering	service	provider.	87	








beverages	were	 categorised	 into	 six	 beverage	 groups:	 pure	 juice	 (unsweetened	96	
100%	fruit	juice);	juice-based	drinks;	plain	milk;	milk-based	drinks;	hot	drinks	(hot	97	
chocolate,	tea,	coffee);	water.	NME	sugars	(g),	energy	(kJ,	kcal),	and	volume	sizes	98	




Basic	 descriptive	 analyses	 were	 performed	 on	 the	 datasets	 to	 examine	 the	102	










students	 into	 mutually	 exclusive	 groups	 based	 on	 their	 beverage	 choice.	 Thus,	113	
students	 in	 clusters	 were	 similar	 to	 each	 other	 but	 distinctly	 different	 from	114	
students	 in	 other	 clusters.	 Clusters	 were	 named	 according	 to	 the	 dominant	115	
beverage	 or	 beverage	 group,	 or	where	 none	 dominated	 the	 cluster	was	 termed	116	
‘assorted’.	Cluster	analysis	was	performed	separately	for	School	A	and	School	B.	117	
For	 each	 cluster,	 the	 mean	 beverage	 volume	 and	 the	 mean	 NME	 sugars	 from	118	
beverages	purchased	per	student-day	was	calculated.	Analysis	of	covariance	with	119	
adjustment	for	students’	year	group	and	free	school	meal	entitlement	was	used	to	120	







the	 study	 period	 (School	 A,	 89%;	 School	 B,	 81%).	 Of	 these	 an	 overwhelming	127	
majority	 (School	A,	97%;	School	B,	89%)	made	beverage	purchases.	Likewise,	 a	128	
large	 proportion	 of	 these	 students,	 purchased	 beverages	 on	 ten	 or	 more	 days	129	
(School	A,	81%;	School	B,	68%).		130	
Students	selected	a	total	of	82	497	and	58	479	beverages	at	School	A	and	School	B,	131	







popular	at	School	B	 (15.2%	and	5.9%	of	beverage	purchases,	 respectively)	 than	139	
School	A	(8.0%	and	1.0%,	respectively).		Similarly,	hot	drinks	were	more	popular	140	
at	 School	 B	 (7.8%	 of	 beverage	 purchases)	 than	 School	 A	 (3.1%	 of	 beverage	141	
purchases).	These	differences	were	statistically	significant	 (Chi-squared=7065.9,	142	
df=5,	p<0.001).	143	




and	 seven	 of	 the	 beverages	 from	 school	 B	 exceeded	 the	 limit	 of	 the	 current	148	
	 8	
nutrient-based	standard	for	NME	sugars	of	18.9g	for	an	average	lunch.	This	was	149	
reflected	 in	 the	 mean	 NME	 sugars	 derived	 from	 beverages	 alone	 at	 lunchtime,	150	
which	was	high	(School	A,	16.7g/student-day;	School	B,	12.9g/student-day).	One	151	
out	of	three	beverage	purchasers	at	lunchtime	at	School	A	exceeded	the	NME	sugar	152	










by	 the	 beverage	 or	 beverage	 type.	 The	 characteristics	 of	 each	 cluster,	 including	163	
mean	 beverage	 volumes	 and	 NME	 sugars	 from	 beverages	 per	 student-day,	 are	164	
given	in	Tables	2	&	3;	the	year	group	distribution	and	the	proportion	of	students	165	
with	FSM	entitlement	in	each	cluster	are	also	listed.	166	
For	School	A	 (Table	2),	 the	 first	 cluster,	 comprising	360	students	 (36.4%	of	 the	167	
sample)	selected	predominantly	juice-based	drinks,	with	a	mean	NME	sugar	intake	168	
of	 20.2g/student-day	 from	 beverages.	 The	 second	 cluster,	 which	 had	 a	 similar	169	










sample)	 purchased	200ml	 bottles	 (65p).	 For	 both	 these	 ‘milk’	 clusters	 the	 total	179	
NME	 sugar	 was	 almost	 identical	 (‘cartoned	 flavoured	milk’,	 15.4g/student-day;	180	
‘bottled	 flavoured	 milk’,	 15.2g/student-day),	 as	 was	 the	 total	 beverage	 volume	181	
(‘cartoned	 flavoured	 milk’,	 320.0ml/student-day;	 ‘bottled	 flavoured	 milk’,	182	
319.8ml/student-day).	There	was	a	final	cluster	comprising	35	students	(3.5%	of	183	














clusters	 (n=86,	 10.3%	of	 the	 sample)	 selected	on	 average	334.4ml	of	water	per	198	
	 10	
student-day,	whilst	the	second	‘water’	cluster	(n=46,	5.5%)	purchased	on	average	199	




juice-based	 drinks	 selected	 (372.6ml/student-day).	 Most	 of	 these	 were	 one	204	
particular	beverage	(312.3ml/student-day)	which	was	unique	as	a	bottled	 juice-205	
based	drink.	 Students	 in	 this	 ‘high	volume	 juice-based’	 cluster	had	 a	high	mean	206	
NME	sugar	level	(24.4g/student-day).	207	
The	volume	ranges	of	total	beverages	selected	at	both	schools	were	similar	(School	208	
























the	 ‘assorted	 drinks	 cluster’,	 whilst	 students	 in	 both	 ‘water’	 clusters	 had	232	











orange	 juice	 in	 the	 1940s,	 the	 industry	 has	 seen	 an	 increase	 in	 the	 variety,	244	
marketing	 and	 distribution	 of	 fruit	 juices.18	 Today,	 the	 sector	 enjoys	 almost	245	









juice	 is	 permitted	 by	 the	 school	 food	 standards	 in	 England,	 pure	 juice	 must	254	
constitute	a	minimum	of	50%	(at	 the	 time	of	 the	 study)	of	 the	 final	 juice-based	255	
drink	(45%	under	the	new	standards9).	This	study	shows	that	juice-based	drinks	256	
of	this	composition	can	contribute	a	considerable	amount	of	NME	sugars.	At	both	257	
schools,	 juice	and	 juice-based	drinks	were	available	 in	 smaller	volume	sizes	e.g.	258	
185ml	 juice-based	 drink	with	 10.2g	NME	 sugars.	However,	 students	 sometimes	259	
purchased	two	or	more	of	these	smaller	volume	beverages;	6.2%	of	transactions	260	





The	 well-defined	 beverage	 patterns	 that	 emerged	 are	 comparable	 to	 previous	266	
studies17,26;	 as	 are	 the	high	energy	 intakes	 from	beverages	 reflected	 in	 the	high	267	
NME	 sugar	 levels	 noted.	 This	 high	 energy	 intake	 from	 beverages	 may	 be	268	
compounded	 by	 food	 choice	 at	 lunchtime,	 as	well	 as	 food	 and	 beverage	 choice	269	
outside	school.	It	is	interesting	to	note	that	the	‘assorted’	clusters	had	the	lowest	270	














This	 study	 is	 based	 on	 beverage	 purchase	 data,	 and	 whilst	 choice,	 rather	 than	284	
consumption	 was	 evaluated,	 choice	 is	 the	 overriding	 factor	 influencing	285	
consumption.	 The	 dietary	 data	 collected	 are	 for	 a	 restricted	 environment	 with	286	





no	 obvious	 demographic	 characteristic	 to	 set	 them	 apart	 from	 the	mainstream.	292	
Furthermore,	 both	 school	 populations	 showed	 similar	 overall	 beverage	 choice	293	














The	 role	 of	 water	 has	 been	 highlighted	 by	 this	 study.	 ‘Water’	 clusters	 at	 both	307	
schools	exhibited	the	lowest	NME	sugars	from	beverages.	Further,	whilst	School	A	308	
had	 water	 fountains	 conveniently	 located	 throughout	 the	 school,	 School	 B’s	309	
provision	was	more	restricted,	with	water	jugs	present	at	mealtimes	for	students’	310	
free	 access	 –	 this	 differing	 water	 provision	 was	 reflected	 in	 the	 higher	 water	311	
purchases	and	the	presence	of	two	‘water’	clusters	at	School	B.	Other	studies	have	312	
demonstrated	the	impact	of	water	provision	on	students’	consumption.35,36	313	
The	 promotion	 of	water	 alongside	whole	 fruit	 (typically	 available	 in	 secondary	314	
schools	 in	 England	 and	 available	 in	 this	 study’s	 schools)	 is	 suggested	 as	 an	315	
alternative	 to	 the	 dominant	 position	 of	 fruit	 juice	 and	 juice-based	 beverages.	316	
Replacement	 of	 fruit	 juice	with	 its	 equivalent	whole	 fruit	 has	 been	modelled	 to	317	





drinks	within	a	 school	environment.	Beyond	 the	 immediate	 impact	on	students’	322	
nutrient	intake,	this	preference	has	implications	should	this	consumption	enhance	323	
explicit	preference	for	sugar,	as	previously	reported,39	and	is	especially	pertinent	324	
as	 taste	 has	 been	 reported	 to	 have	 the	 greatest	 influence	 on	 children’s	 food	325	
preferences.40	326	
The	 school	 dining	 environment	 influences	 students	 in	 terms	 of	 the	 food	 and	327	
beverages	available	to	them	and	the	behaviour	that	these	choices	cultivate.	Whilst	328	
the	standards	restrict	the	beverages	available	in	schools,	students’	preferences	and	329	
patterns	 of	 beverage	 choice	 should	 also	 be	 considered	 in	 determining	 the	330	






























































































































Figure 1 Beverage choice among students (n=1222, School A; n=1239, School B) aged 11-18 years at 453	
two secondary schools (number of beverages chosen as a percentage of all beverages chosen: School 454	





























Table 1  Beverage descriptions, NME sugar content, energy content & beverage choice among 11-18 year old 














A   
            
 17.8 303.6 72.5 330 50% juice + carbonated water 10754 Juice-based 
 27.5* 360.0 86.0 500 50% juice + water 10424 Juice-based 
 8.4 504.0 120.4 200 flavoured milk drink 9894 Milk-based 
 9.6 520.0 124.2 200 flavoured milk drink 8698 Milk-based 
 0 0.0 0.0 500 still water 6583 Water 
 18.4 320.0 76.4 200 pure juice 6406 Pure Juice 
 10.2 133.2 31.8 185 50% juice + water 5468 Juice-based 
 20.4* 360.0 86.0 200 smoothie drink 5185 Juice-based 
 8.4 548.0 130.9 200 flavoured milk drink 3958 Milk-based 
 9.5 171.7 41.0 85 pure juice 3925 Pure juice 
 29.7* 587.4 140.3 330 pure juice 3271 Pure juice 
 22.4* 404.0 96.5 200 pure juice 2663 Pure juice 
 0 0.0 0.0 150 hot drink 2523 Hot drink 
 9.5 171.7 41.0 85 pure juice 1882 Pure juice 
 0 366.7 87.6 189 semi-skimmed plain milk 863 Plain milk 
School 
B   
          
 10.2 133.2 31.8 185 50% juice + water 9142 Juice-based 
 0 0.0 0.0 500 still water 8895 Water 
 9.6 520.0 124.2 200 flavoured milk drink 6223 Milk-based 
 0 0.0 0.0 150 hot drink 4551 Hot drink 
 8.4 504.0 120.4 200 flavoured milk drink 4517 Milk-based  
 17.8 303.6 72.5 330 50% juice + carbonated water 4395 Juice-based 
 27.5* 360.0 86.0 500 50% juice + water 4281 Juice-based 
 0 366.7 87.6 189 semi-skimmed plain milk 3475 Plain milk  
 9.5 171.7 41.0 85 pure juice  2985 Pure juice 
 27.7* 679.8 162.4 330 sparkling pure juice 2835 Pure juice 
 18.4 320.0 76.4 200 pure juice 1613 Pure juice 
 8.4 548.0 130.9 200 flavoured milk drink 1457 Milk-based 
 29.7* 587.4 140.3 330 pure juice 1310 Pure juice 
 18.2 237.6 56.8 330 50% juice + water 1099 Juice-based 
 30.2* 524.2 125.2 288 85% juice + water 928 Juice-based 
 17.8 326.7 78.0 330 50% juice + carbonated water 317 Juice-based 
 20.4* 360.0 86.0 200 smoothie drink 251 Juice-based 
 25.1* 531.3 126.9 330 75% juice + water 154 Juice-based 
 8.4 536.0 128.0 200 flavoured milk drink  34 Milk-based 
  24.0* 1300.0 310.6 500 flavoured milk drink 17 Milk-based 
* single unit’s NME sugar level exceeds 18.9g (upper limit of nutrient-based standard for NME sugars - effective at 
the time of the study) 
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Table 2 Mean volume and NME sugars from beverages, as well as FSM entitlement and Year Group, 




















n = 357 
n = 
94 
n = 77 n = 67 n = 35 
Beverage selection by cluster 
(ml/student-day) 
 
   
  
Total pure juice beverages 51.6 60.7 25.9 30.1 24.1 38.5 
85ml pure juice  2.6 2.6 0.9 1.6 1.9 2.5 
85ml pure juice  5.8 6.4 2.5 3.3 2.3 3.9 
200ml pure juice  13.7 29.3 13.0 9.1 11.8 14.2 
200ml pure juice  5.6 10.4 3.2 7.8 2.7 3.1 
330ml pure juice  23.9 12.0 6.3 8.3 5.4 14.8 
Total juice-based beverages  231.5 135.7 80.3 72.1 72.4 424.1 
185ml 50% juice + water  11.8 29.3 8.7 11.0 4.8 4.7 
500ml 50% juice + water  117.9 46.3 38.9 24.4 31.2 331.0 
330ml 50% juice + carbonated 
water  
88.6 37.9 22.3 24.5 23.7 83.0 
200ml smoothie drink 13.2 22.2 10.4 12.2 12.7 5.4 
Total milk-based beverages  41.9 57.4 29.1 185.1 175.7 31.4 
200ml flavoured milk   12.3 17.0 8.5 34.9 151.9 11.5 
200ml flavoured milk   16.3 12.2 7.9 6.4 4.8 6.6 
200ml flavoured milk   13.3 28.2 12.7 143.8 19.0 13.3 
1/3 pint semi-skimmed plain milk 1.7 3.1 1.6 2.3 2.1 3.0 
500ml still water  27.6 34.2 
296.
9 
26.2 42.0 23.9 
150ml hot drink  5.5 7.3 4.5 4.1 3.5 3.0 
All beverages  359.7 298.2 
438.
1 
320.0 319.8 524.0 
NME sugars by cluster (g/student-day) 20.2 16.8 8.6 15.4 15.2 28.6 
Characteristics by cluster       
    FSM status 10.0% 12.9% 
7.4
% 
9.1% 6.0% 2.9% 
    Year group       
        Year 7  32.8% 24.4% 
7.4
% 
24.7% 17.9% 17.1% 
        Year 8  22.2% 20.2% 
16.0
% 
19.5% 14.9% 5.7% 
        Year 9 17.2% 24.1% 
21.3
% 
22.1% 23.9% 22.9% 
        Year 10  14.2% 15.1% 
31.9
% 
16.9% 28.4% 40.0% 
        Year 11  13.6% 16.2% 
23.4
% 
16.9% 14.9% 14.3% 
  
	 23	
Table 3 Mean volume and NME sugars from beverages, as well as FSM entitlement and Year Group, by beverage cluster for 
students (n=838) aged 11-18 years at School B  










 n = 468 n = 111 n = 96 n = 86 n = 46 n = 31 
Beverage selection by cluster 
(ml/student-day) 
    	 	
Total pure juice beverages 41.7 34.9 78.0 16.4 6.2 28.8 
85ml pure juice  6.5 4.6 4.3 2.3 0.6 2.0 
200ml pure juice  7.3 8.3 6.4 4.9 2.8 6.2 
330ml pure juice  10.8 7.6 6.5 4.5 0.5 8.7 
330ml sparkling pure juice  17.1 14.4 60.8 4.7 2.3 11.9 
Total juice-based beverages  121.6 140.3 191.9 57.8 18.9 372.6 
185ml 50% juice + water  48.0 18.3 20.4 15.1 5.3 18.1 
288ml 85% juice + water  5.8 7.3 6.3 4.0 1.8 1.7 
330ml 50% juice + water 6.7 9.0 12.5 2.4 0.9 13.5 
330ml 75% juice + water  1.0 1.0 0.9 0.8 0.2 1.5 
500ml 50% juice + water  35.8 81.8 25.6 21.5 6.6 312.3 
330ml 50% juice + carbonated 
water  
21.4 20.2 119.6 12.2 3.7 22.5 
330ml 50% juice + carbonated 
water  
2.0 1.9 5.5 1.2 0.4 1.3 
200ml smoothie drink  0.9 0.8 1.1 0.6 0.0 1.7 
Total milk-based beverages  64.9 44.0 38.7 34.6 10.9 24.4 
200ml flavoured milk  31.4 16.9 20.2 15.4 2.7 11.9 
200ml flavoured milk  25.5 21.1 12.6 14.5 6.6 9.0 
200ml flavoured milk  7.4 5.7 5.9 4.3 1.4 3.2 
200ml flavoured milk  0.2 0.2 0.0 0.4 0.2 0.3 
500ml flavoured milk  0.4 0.1 0.0 0.0 0.0 0.0 
1/3 pint semi-skimmed plain milk  18.8 8.9 10.7 11.1 3.7 6.8 
500ml still water  35.1 168.3 27.2 334.4 522.4 42.0 
150ml hot drink  22.9 16.8 12.2 12.2 2.2 7.2 
All beverages  305.1 413.4 358.5 466.6 564.2 481.9 
NME sugars by cluster (g/student-
day) 
13.7 13.2 19.3 6.3 2.2 24.4 
Characteristics by cluster       
    FSM status 31.4% 29.7% 37.5% 31.4% 23.9% 41.9% 
    Year group       
        Year 7  27.8% 23.4% 34.4% 12.8% 13.0% 35.5% 
        Year 8  22.2% 17.1% 17.7% 18.6% 2.2% 3.2% 
        Year 9  23.7% 13.5% 25.0% 12.8% 6.5% 6.5% 
        Year 10  13.2% 21.6% 10.4% 23.3% 23.9% 19.4% 
        Year 11  9.2% 18.9% 9.4% 15.1% 26.1% 22.6% 
        Year 12  1.3% 3.6% 2.1% 11.6% 8.7% 9.7% 




Table 4  Estimated Marginal Means of NME sugar content by beverage cluster and school (School A, 
n=990 students, 11-16 years ; School B, n=838 students, 11-18 years) 
School A 
   
Cluster Mean* 
95% Confidence Interval 
Lower Bound Upper Bound 
High volume juice-based  22.779a 21.474 24.084 
Juice-based  18.208b 17.703 18.713 
Assorted  15.135c 14.646 15.624 
Bottled flavoured  milk  12.952d 11.987 13.918 
Cartoned flavoured milk  12.830d 11.931 13.73 
Water 7.890e 7.056 8.723 
* means with different superscript are significantly different using Tukey HSD from each other (p<0.05) 
 
   
School B 
   
Cluster Mean 
95% Confidence Interval 
Lower Bound Upper Bound 
High volume juice-based 21.117a 19.348 22.886 
Sparkling juice/juice-based 16.101b 15.035 17.167 
Water with juice-based  12.259c 11.272 13.246 
Assorted 11.963c 11.371 12.555 
Water 6.660d 5.588 7.732 
High volume water 3.648e 2.185 5.11 
* means with different superscript are significantly different using Tukey HSD from each other (p<0.05) 
 
